Changes in the levels of ATP-related compounds were investigated in the adductor muscle , mantle, gill, and body trunk of the oyster Crassostrea gigas during ice storage, in relation to freshness. The determination was performed using an improved HPLC system with isocratic elution .
Calculation of Chemical Freshness Indices
The K10) and K' values, the latter of which we named arbitrarily, were calculated from following equations: 
Results
Separation and Quantitation of 9 Authentic A TPrelated Compounds by HPLC with Isocratic Elution Figure 1A shows a chromatogram of 11 authentic compounds, ATP, ADP, AMP, IMP, AdR, HxR, Hx, Xt, Ad, trigonelline, and homarine, obtained by HPLC with isocratic elution. The ATP-related compounds were effectively separated within 25 min, with good reproducibility. Of the naturally occurring quaternary ammonium bases, large amounts of homarine8, [14] [15] [16] and trigonelline8, 15, 17) are widely distributed among invertebrates.
These two betains were extracted with PCA and have strong absorption at around 260-270 nm. In our HPLC system, however, homarine and trigonelline were eluted at 2.1 and 2.25 min, respectively (Fig. 1A) .
The two betaines did not affect the separation and quantitation of the ATP-related compounds in the acid soluble fraction from the oyster tissues as shown in Fig. 1B . The calibration curves used for estimating the levels of ATP-related com- Table 2 shows the total amount of ATPrelated compounds at the start (0) and at the end of storage (21 days Chemical Freshness Indices Figure  6 shows the changes in K, K', and
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A. E. C. values with sensory ratings in the adductor muscle during ice storage.
On the 10th day of storage, the adductor muscle gave off a faintly putrid smell and this stage was recognized as the stage of initial decomposition. The K value increased slowly and linearly from 1.6 to 37.2% during storage. At the stage of initial decomposition the K value was 21.8%. The K' value increased from 1.9 to 75.1% by the stage of initial decomposition, and then remained constant. The A. E. C. value fell from 60.3 at time 0 to 10.0% on the 1st day, after which it was then relatively constant. In the mantle, the K value increased slowly for 2 days, and then reached a stable level of 6-7% until the 14th day (Fig. 7) . The K value was only 14.1% at the initial decomposition stage on the 21st day. On the other hand, the K' value increased linearly from 3.0% at time 0 to 28.5% at the initial decomposition stage on the 21st day. The A. E. C. value decreased rapidly from 80.3% at time 0 to 9.4% at the initial decomposition stage.
The K value of the gill increased slowly for 4 days, reaching a stable level of about 10% until the 10th day, the stage of initial decomposition, and then rose rapidly as decomposition progressed (Fig. 8) . The K' value increased linearly and rapidly in comparison with the K value. The K' value was 22.1% at the stage of initial decomposition.
The A. E. C. value decreased rapidly from 76.6% at time 0 to 17.8%, at the initial decomposition stage, then decreased slowly to 5.0% as decomposition progressed.
In the body trunk, the changes in K and K' values were similar to those of the gill, but the initiation of decomposition was 4 days later (Fig. 9) . The A. E. C. value decreased rapidly from 71.0% at time 0 to 21.5% at the initial decomposition stage on the 14th day, and then decreased slowly. The Hx and Xt levels seemed to be useful as decomposition indices in oysters. HxR, which increased linearly during storage, seemed to be more useful as a freshness indicator of the oyster adductor muscle than Hx.
As for the chemical freshness indices of the oyster during ice storage, K, K', and A. E. C. values were calculated from the levels of ATPrelated compounds (Figs. 6, 7, 8, and 9 ). In the adductor muscle, the K value increased slowly during storage, and was only about 22% at the initial decomposition stage (10th day). The K value in the adductor muscle, however, was useful as a freshness indicator because of its linear increase at the acceptable stage as suggested by Sakaguchi et al.9) in the muscle of the oyster C. gigas and Matsumoto and Yamanaka13) in that of the kuruma prawn Penaleus japonicus.
On the other hand, the K' value of the adductor muscle increased linearly and much more rapidly, reaching about 70% at the initial decomposition stage, then remained constant thereafter. Our preliminary study indicates that the whole body stored in ice reached the initial decomposition stage after 10-14 days of storage, as did the adductor muscle alone stored in ice (data not shown). From these results, the K' value in the adductor muscle appeared to be much more useful as a freshness indicator of both the adductor muscle and whole body of oyster than the K value.
In the mantle, gill, and body trunk, the K value remained low at the acceptable stage and increased as the decomposition progressed (Figs. 7, 8 , and 9). The K values in the 3 tissues seemed to be useful not as freshness indices but as decomposition indices. Howerer, the K' values in the 3 tissues increased slowly but linearly at the acceptabel stage and reached around 20% at the initial decomposition stage. The K' value, therefore, seemed to be useful as a freshness indicator in the mantle, gill, and body trunk. The A. E. C. value in the adductor muscle dropped from 60 to 10% after 1 day of storage. On the other hand, the A. E. C. values in the mantle, gill, and, body trunk decreased continuously from 70-80 to 10-20% during the acceptable stage. As a result, the A. E. C. value in the mantle, gill, and body trunk appeared to be a potential index of the freshness of oyster.
